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ABSTRACT 
 
Casey Dean Calhoun: Depressive Symptoms and Acute HPA Axis Stress Regulation  
in the Context of Adolescent Girls’ Friendships 
(Under the direction of Mitchell J. Prinstein) 
 
For adolescent girls, effective management of interpersonal stress is crucial for preventing 
increases in depressive symptoms. Although friendships have been traditionally discussed as 
context for stress regulation, very few studies have examined connections between dyadic 
friendship processes and biological stress regulation. This study examined the role of two 
friendship processes, expressed vulnerability and friend support, in regulating adolescent girls’ 
hypothalamic-pituitary-adrenal (HPA) axis responses to an acute social stressor; connections 
with concurrent depressive symptoms were also considered. The sample included 241 clinically-
referred adolescent girls (ages 12-17). Acute HPA functioning was assessed by collecting 
cortisol samples before and after adolescents completed an interpersonally-themed social stressor 
task; these samples provided measures of baseline cortisol, cortisol reactivity, and cortisol 
regulation. Observational coding was used to assess expressed vulnerability and friend support 
during a post-stressor conversation between adolescents and their friends. Analyses revealed a 
significant interaction effect such that the combination of high levels of expressed vulnerability 
and high levels of friend support predicted the greatest degree of cortisol regulation; adolescents 
who expressed low vulnerability showed the least amount of cortisol regulation, regardless of 
friend support received. The interaction of expressed vulnerability and friend support also 
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partially mediated the connection between cortisol reactivity and cortisol regulation. Findings are 
among the first to reveal interpersonal processes occurring in adolescent girls’ friendships that 
could serve to reduce allostatic load and risk of future depressive symptoms. 
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INTRODUCTION 
Adolescence is marked by a dramatic increase in the prevalence of depressive symptoms 
among girls (Bouma, Ormel, Verhulst, & Oldehinkel, 2008; Gore, Aseltine, & Colten, 1993; 
Hankin & Abramson, 2001; Kessler, Avenevoli, & Merikangas, 2001), and this increase has 
been linked to the significant rise in interpersonal stress that occurs during the same 
developmental period (Ge, Lorenz, Conger, Elder, & Simons, 1994; Rudolph, 2002; Rudolph & 
Hammen, 1999; Wagner & Compas, 1990). These developmental trends suggest that the ability 
to respond adaptively to interpersonal stressors may be crucial for preventing the development of 
depressive symptoms in adolescent girls (Sontag, Graber, Brooks-Gunn, & Warren, 2008). 
Current models for developmental psychopathology highlight the role of biological vulnerability 
to stress, and call for examination of such vulnerabilities in the context of interpersonal 
relationships (Hostinar & Gunnar, 2013).  In particular, biological stress response systems have 
been identified as a potential source of vulnerability. Consistent with prior work showing that 
peer relationships have considerable influence on psychological adjustment (Bukowski & 
Adams, 2005; Masten, 2005; Parker, Rubin, Erath, Wojslawowicz, & Buskirk, 2006), an 
emerging line of research suggests that interactions with peers can influence the functioning of 
biological stress response systems. Adolescent girls are especially affected by peer experiences 
during adolescence, especially those occurring within the context of close friendships 
(Cyranowski, Frank, Young, & Shear, 2000; Rose & Rudolph, 2006; Rudolph & Hammen, 
1999). However, little research has considered how friendships influence biological stress
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responses in ways that may increase or decrease risk of depressive symptoms for adolescent 
girls. 
Adolescence is a unique period of biological vulnerability to interpersonal stress. The body’s 
major biological stress response systems undergo substantial changes during the pubertal 
transition, resulting in greater sensitivity to social stress and more pronounced biological stress 
responses than in childhood (Ganzel & Morris, 2011). A greater number of oxytocin receptors in 
the brain increases adolescents’ attention to social stimuli (Albert, Chein, & Steinberg, 2003; 
Somerville, 2013), and the rise in gonadal hormones that occurs during puberty increases activity 
in the limbic regions of the brain, which are responsible for emotional processing of social 
stimuli and the initiation of stress responses (Nelson, Leibenluft, McClure, & Pine, 2005). While 
the adolescent brain has an enhanced ability to detect social stressors and generate emotional 
responses, a delay in the maturation of the prefrontal regions of the brain makes adolescents, 
compared to adults, less capable of exerting cognitive control over their emotional reactions 
(Casey, Jones, & Hare, 2008; Lau, Britton, Nelson et al., 2011; Somerville, 2013; Somerville, 
Jones, & Casey, 2010). Thus, adolescents’ reactions to stressors are often more strongly 
characterized by reflexive emotional reactions than by intentional, goal-driven behavior. In the 
context of social interactions, this emotion-driven disposition increases risk of generating 
behavioral responses that do not comply with socially-defined expectations for appropriate 
behavior; such behavior could ultimately increase the likelihood of social rejection (i.e., 
additional interpersonal stress) and subsequent depression (Sontag & Graber, 2010). 
Dysregulated functioning of biological stress response systems could place adolescents at even 
greater risk of inappropriately responding to interpersonal stress.  
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The Hypothalamic-Pituitary-Adrenal (HPA) axis is a major biological stress response system 
that may be largely influenced by interpersonal experiences during adolescence. Following the 
pubertal transition, the HPA axis shows pronounced activity in response to social stress (Gunnar, 
Wewerka, Frenn, Long, & Griggs, 2009; Stroud et al., 2009); this is especially true for girls 
(Oldehinkel & Bouma, 2011). Upon detection of a social stressor, the HPA stress response 
initiates in the hypothalamus, where corticotrophin-releasing hormones and arginine vasopressin 
are released. This release of hormones triggers the pituitary gland to release adrenocorticotropic 
hormones, which then triggers the release of glucocorticoids in the adrenal glands (Chrousos & 
Gold, 1992; Cone, Low, Elmquist, & Cameron, 2003; Kaltas & Chrousos, 2007). Cortisol is a 
frequently sampled glucocorticoid that prepares an individual to enact a behavioral response to a 
stressor by increasing glucose mobility (i.e., availability of energy), increasing blood circulation 
(i.e., delivery of energy and oxygen), and enhancing cognition (Sapolsky, Romero, & Munck, 
2000). Assessing cortisol levels before, during, and after an acute stressor allows for 
examinations of HPA reactivity and regulation. Such examinations are essential for better 
understanding how adolescents’ real-time biological stress responses impact their psychosocial 
functioning, and vice versa. Additionally, given that depressed individuals have a tendency to 
show a negative bias in self-reports (Mathews & MacLeod, 2005), biological indices of acute 
stress reactivity and regulation may offer a more objective measure of stress responses when 
considering connections between stress responses and depression.  
Connections between HPA axis dysregulation and depressive symptoms are believed to 
result from high allostatic load – the cumulative physiological and psychological effects of 
managing environmental stressors (McEwen & Stellar, 1993). High allostatic load generally 
suggests that an individual is less capable of generating appropriate behavioral responses due to a 
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depletion of cognitive and biological resources (Juster, McEwen, & Lupien, 2009; McEwen & 
Stellar, 1993). In examinations of the HPA axis, cortisol reactivity and cortisol regulation are 
considered distinct indicators of allostatic load. While cortisol reactivity indicates the degree of 
HPA activation in the presence of a stressor (i.e. increase from baseline cortisol level), cortisol 
regulation generally indicates the degree to which HPA activation decreases once the activating 
stressor is removed. Acute HPA axis dysregulation is often established when adolescents show 
cortisol hypo- or hyper-reactivity in response to a stressor, or when they fail to regulate cortisol 
levels after a stressor (i.e., sustain high levels of cortisol for an extended period of time) 
(McEwen, 2000). Though cortisol regulation following acute stress has received relatively little 
empirical attention, the ability to attenuate biological stress responses is an adaptive skill needed 
for generating intentional, goal-driven behaviors and preventing exhaustion of stress response 
systems (McEwen, 2000). Regulation of stress responses may be especially important for 
adolescents given that their enhanced ability to detect social stressors naturally means that they 
will experience more stress and be more likely to exhaust biological stress response systems than 
in childhood. Thus, adolescence may be a key developmental period where allostatic load is 
especially likely to interfere with stress management and thereby lead to depression.  
Indeed, dysregulated HPA functioning is associated with depressive symptoms during 
adolescence (Guerry & Hastings, 2011; Lopez-Duran, Kovacs, & George, 2009). Youth with 
more depressive symptoms typically show dysregulation in diurnal (i.e., daily) patterns of HPA 
activity (e.g., Goodyer et al., 1996); however, experimental studies have emphasized the 
importance of considering acute HPA dysregulation as a way to understand connections between 
stress management and depressive symptoms. These studies have shown that dysregulated HPA 
responses to acute stress are associated with depressive symptoms both concurrently and 
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prospectively (Calhoun et al., 2012; Guerry & Hastings, 2011; Lopez-Duran et al., 2009; Lupien, 
McEwen, Gunnar, & Heim, 2009; Miller, Chen, & Zhou, 2007). Some evidence suggests that 
associations between acute HPA dysregulation and internalizing symptoms are stronger for girls 
than for boys (Gunnar et al., 2009; Klimes-Dougan, Hastings, Granger, Usher, & Zahn-Waxler, 
2001; Natsuaki et al., 2009). Even more, HPA dysregulation observed in depressed individuals is 
believed to have implications for the expression of genes that promote inflammation and 
corresponding “sickness behaviors” that closely resemble depressive symptoms (e.g., social 
withdrawal, negative affect, anhedonia, etc.) (Mills, Scott, Wray, Cohen-Woods, & Baune, 
2013). Given that HPA dysregulation during adolescence has the potential to influence biological 
and genetic “set points” for stress management and emotional functioning well into adulthood, 
understanding the factors that influence HPA functioning during adolescence is crucial.  
Though adolescence is a period of increased peer-related stress, few studies have considered 
HPA functioning in the peer context. In addition to being biologically tuned to detect social 
stimuli, adolescents also rely more heavily on peer relationships (versus parental) for identity 
development and support than children (Rubin, Bukowski, & Parker, 2006). To date, most work 
examining connections between HPA functioning and interpersonal processes has considered 
peer relationships as a potential source of stress. Findings from recent work indicate that 
adolescents who have had negative peer experiences, such as peer victimization, show 
dysregulation in diurnal patterns of HPA activity as well as dysregulated HPA reactivity to acute 
social stressors (Ouellet-Morin et al., 2011a, 2011b; Calhoun et al., 2014). These findings 
suggest that peer experiences may, in fact, contribute to allostatic load and increase the risk of 
responding ineffectively to stress. However, peer stress often occurs in the context of other peer 
experiences that may influence an adolescent’s ability to manage stress. In particular, some peer 
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experiences could serve as a source of stress relief. Very little research has considered positive 
peer experiences that may promote adaptive HPA stress responses (Hostinar & Gunnar, 2013). 
Identifying such experiences would present a more complete picture of how peer experiences 
and biological stress regulation interact to increase or decrease risk of depression. 
Close friendships are traditionally believed to promote resiliency by serving as a context for 
managing stress and receiving support (Bagwell & Schmidt, 2013; Hartup, 1993). In support of 
this “stress-buffering” hypothesis (Cobb, 1976; Cohen, 2004; Cohen & Wills, 1985), studies 
have shown that youth with a close friend generally report experiencing less stress and are less 
likely to develop symptoms of depression than youth without a close friend (Bagwell, Newcomb, 
& Bukowski, 1998; Nangle, Erdley, Newman, Mason, & Carpenter, 2003; Newcomb & Bagwell, 
1995; Pelkonen, Marttunen, & Aro, 2003). While these findings suggest that friendships may 
serve to buffer the negative impact of stress on psychological adjustment, only a few studies 
have considered the influence of friendships on the biological regulation of acute stress. Initial 
work has shown that children who are in the presence of a friend after a negative experience 
have lower cortisol levels than children who do not have a friend present (Adams, Santo, & 
Bukowski, 2011). A closer look at friendships in an experimental study revealed that adolescents 
with higher quality friendships showed greater HPA regulation when interacting with their friend 
after experiencing an acute stressor, compared to adolescents in low quality friendships (Calhoun 
et al., 2014). In the same study, adolescents had greater HPA regulation when their friends 
showed higher levels of responsiveness (i.e., “a basic form of support that demonstrates 
attentiveness to, and engagement with, someone who is speaking”; p. 609) during a post-stressor 
interaction; interestingly, however, this effect was in the opposite direction for adolescents in 
high quality friendships (Calhoun et al., 2014). While these findings suggest that friends may 
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play a vital role in adolescents’ ability to regulate biological stress responses, more in vivo work 
is needed to clarify exactly how interactions between stressed adolescents and their friends 
facilitate, or inhibit, stress regulation.  
Using observational coding, this study is among the first to consider connections between in 
vivo friend support and HPA stress regulation. Because girls, compared to boys, have 
demonstrated stronger ties between HPA functioning and interpersonal stress (Oldehinkel & 
Bouma, 2011), and are more likely to seek support from close friends (Rose & Rudolph, 2006), 
this study focuses specifically on how adolescent girls’ friendship dynamics affect HPA 
regulation. A clinically-referred sample was used to better understand how connections between 
HPA functioning and friendship dynamics may be unique for adolescent girls presenting with 
depressive symptoms and/or emotion regulation difficulties. Observational coding was used to 
assess the level of in vivo friend support that girls receive from a close friend after completing a 
social stressor task. As discussed in more detail later, the present study builds on the findings of 
Calhoun and colleagues (2014) by considering behaviors enacted by both the friend and the 
stressed adolescent to generate a more complete picture of how post-stressor friendship dynamics 
connect with biological stress regulation. Figure 1 provides an illustration of all hypotheses 
tested. In line with the findings of Calhoun and colleagues (2014), it is hypothesized that 
adolescents whose friends are highly supportive will show greater HPA regulation following the 
social stressor task (Hypothesis 1a). The current study also considers the role of depressive 
symptoms in the connection between friend support and HPA regulation. Given that depressive 
symptoms have been associated with poor friendship quality and problematic friendship 
dynamics for girls (Oldenberg & Kerns, 1997; Prinstein, Borelli, Cheah, Simon, & Aikins, 2005; 
Rose, Carlson, & Waller, 2007), it is expected that depressive symptoms will be negatively 
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associated with observed friend support (Hypothesis 1b). Similarly, because depressed 
adolescents are more likely to have dysregulated HPA responses to acute stress (Lopez-Duran et 
al., 2009; Lupien et al., 2009; Miller et al., 2007; Guerry & Hastings, 2011), it is expected that 
depressive symptoms will moderate the association between friend support and HPA regulation 
such that friend support is less likely to be associated with HPA regulation for girls with elevated 
levels of depressive symptoms (Hypothesis 1c). 
During examinations of stress regulation in the context of adolescent friendships, it is also 
important to consider how stressed adolescents engage with their friends. To attenuate negative 
emotional reactions to a stressful experience, a stressed adolescent could discuss the stressful 
experience, and their reactions, with a friend. Communicating personal information, or self-
disclosure (Forgas, 2011), within friendships not only serves to increase intimacy and closeness 
between friends (Camarena, Sarigiani, & Petersen, 1990; Collins & Miller, 1994; Derlega & 
Berg, 1993), but it can also serve to reduce stress (Buhrmester & Prager, 1995; Thoits, 1986). 
When feeling stressed, disclosing personal information can help a person to “vent,” or 
acknowledge and address negative emotional states that they may be experiencing. In general, 
self-disclosing after a stressor could provide an individual with the opportunity to engage in self-
regulatory processes that prevent stressful experiences from converting into internalizing 
symptoms (e.g., cognitive restructuring/reframing, physiological stress management) (Compas, 
Connor-Smith, Saltzman, Thomsen, & Wadsworth, 2001; Connor-Smith & Compas, 2004; 
Wadsworth, Raviv, Compas, & Connor-Smith, 2005). Failure to address the negative impact of a 
stressful experience on self-perceptions and emotional state could lead to the development of 
more generalized negative self-views and internalizing symptoms as stressful experiences 
accumulate (Cicchetti, Ackerman, & Izard, 1995; Cole, Michel, & Teti, 1994; Johnson-Laird, 
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Mancini, & Gangemi, 2006). Additionally, if an individual does not regulate acute biological 
reactions to stressors, biological stress response systems could become exhausted and respond 
ineffectively to future stressors (McEwen, 2000). 
However, certain forms of self-disclosure may actually impair stress regulation. Self-
disclosure in dyadic relationships has been studied primarily in the context of interpersonal 
processes such as conversational self-focus and co-rumination. Both conversational self-focus 
and co-rumination are common for individuals with depressive symptoms and have been 
associated with poor psychosocial outcomes. Conversational self-focus, or a “tendency to direct 
the focus of conversations to the self and away from others” (p. 1264), has been prospectively 
associated with decreases in adolescents’ friendship quality and increases in internalizing 
symptoms, such as those characterizing depression (Schwartz-Mette & Rose, 2009). Co-
rumination is a dyadic manifestation of self-disclosure that takes the form of “extensively 
discussing and re-visiting problems, speculating about problems, and focusing on negative 
feelings” (Rose, 2002, p.1830). Co-rumination has also been connected to increased risk of 
future internalizing symptoms (Rose et al., 2007; Stone, Hankin, Gibb, & Abela, 2011). Unlike 
conversational self-focus, however, co-rumination has been associated with prospective 
increases in friendship quality (Rose et al., 2007). Though self-disclosure is traditionally 
believed to serve in a stress regulating capacity, these findings suggest that self-disclosure may 
be an interpersonal process that has more nuanced connections with stress regulation. Given the 
differing associations of self-focus and co-rumination with friendship quality, findings also 
highlight the importance of considering friendship characteristics when examining connections 
between self-disclosure and stress regulation.  
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Very few studies have examined direct connections between self-disclosure in the presence 
of friends and HPA regulation, especially during adolescence. However, work examining 
rumination (i.e. “repetitive, unwanted, past-oriented thoughts about negative content”; Zoccola & 
Dickerson, 2012, p. 2) may offer some insight as to how focusing on personal problems in 
conversations with friends could affect HPA regulation. In adult samples, rumination has 
generally been associated with delayed HPA recovery (i.e. return to baseline levels of cortisol) in 
studies using social stressor tasks (for a review, see Zoccola & Dickerson, 2012). Additionally, 
adults with more depressive symptoms who are experimentally induced to ruminate have shown 
less HPA regulation following negative mood induction, compared to adults with fewer 
depressive symptoms (Kuehner, Huffziger, & Liebsch, 2009). Similarly, depressed adolescents 
high in trait levels of rumination show less HPA recovery following a social stressor task, 
compared to nondepressed adolescents (Stewart, Mazurka, Bond, Wynne-Edwards, & Harkness, 
2013). Though these findings suggest that an internal, cognitive preoccupation with personal 
problems may cause an individual to maintain heightened HPA reactions, little is known about 
how this may unfold during interactions with friends. Additionally, these findings suggest that 
individuals high in depressive symptoms may be unique in that they have more difficulty 
reducing HPA activation after an acute stressor when they dwell on personal problems. To date, 
only one study has demonstrated a potential connection between self-disclosure and HPA 
functioning in the context of dyadic friendships. In an adult sample, co-rumination during the 
discussion of a personal problem was associated with increases in cortisol (Byrd-Craven, 
Granger, & Auer, 2011). Although co-rumination is a dyadic manifestation of self-disclosure, it 
is possible that negatively-oriented self-disclosures (such as those characterizing co-rumination) 
could maintain acute stress reactions and inhibit HPA regulation. It is also possible, however, 
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that during co-rumination, friends behave in a way that increases, or maintains, HPA stress 
responses. A more thorough examination of post-stressor friendship dynamics is needed to 
clarify how self-disclosure and friend responses independently, or jointly, connect with HPA 
regulation following acute stress. 
The current study considers a novel variant of self-disclosure referred to herein as “expressed 
vulnerability.” Expressed vulnerability is defined as communicating (either verbally or 
affectively) negative, self-directed thoughts and emotions in a way that increases risk of negative 
social evaluations and provides a context for others to provide social support. This construct is 
similar to co-rumination in that it generally assesses a tendency to make negatively-oriented self-
disclosures with a close friend. Expressed vulnerability is distinguished from co-rumination, 
however, in that it is a specific form of self-disclosure carried out by an individual (vs. a dyadic 
interpersonal process). Additionally, the contruct attempts to more directly assess thoughts and 
emotions that have the potential to connect with both depressive symptoms and biological stress 
regulation. The negative, self-directed nature of the thoughts and emotions characterizing 
expressions of vulnerability may reflect current internalizing symptoms (such as those pertaining 
to anxiety and depression) or a propensity to develop such symptoms in the future. In contrast to 
prior work examining co-rumination, the current study breaks apart the post-stressor friend 
dynamic into two interpersonal behaviors: one that is carried out by the stressed adolescent 
(expressed vulnerability) and one that is carried out by the friend (friend support; as discussed 
earlier). By assessing adolescent and friend behaviors separately, it is possible to clarify whether 
stress regulation is impacted by how the stressed adolescent approaches the post-stressor 
conversation, how the friend responds to the adolescent, or the combination of both behaviors. 
With regards to biological stress regulation, expressing vulnerability after an acute stressor 
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provides opportunity to challenge negative self-perceptions and self-directed emotions through 
cognitive restructuring or physiological stress management. However, findings from research 
examining co-rumination (Byrd-Craven et al., 2011) suggest that negatively-oriented self-
disclosures in dyadic relationships could also increase HPA activation in the short-term and 
maintain stress responses.  
In the present study, observational coding was used to assess girls’ expressed vulnerability 
during a post-stressor interaction with a close friend. Given initial findings suggesting that 
negatively-oriented self-disclosures in the context of friendships may promote increased HPA 
activation (Byrd-Craven et al., 2011), it was hypothesized that adolescent girls who express more 
vulnerability during the post-stressor interaction would show less HPA regulation (Hypothesis 
2a; see Figure 1 for illustration of all hypotheses). Because depressed individuals tend to share 
information about personal problems in friendships more than non-depressed individuals (Rose, 
2002), it was also predicted that girls reporting elevated levels of depressive symptoms would be 
more likely to express vulnerability in their friendships (Hypothesis 2b). In line with prior work 
demonstrating HPA dysregulation for depressed individuals (Lopez-Duran et al., 2009; Lupien et 
al., 2009; Miller et al., 2007; Guerry & Hastings, 2011), it was expected that depressive 
symptoms would moderate the association between expressed vulnerability and cortisol 
regulation. Specifically, it was anticipated that expressed vulnerability would be associated with 
less cortisol regulation for adolescent girls with elevated depressive symptoms than for those 
reporting less depressive symptoms (Hypothesis 2c). The interaction between expressed 
vulnerability and friend support was explored to determine if these two constructs independently 
or jointly relate to HPA regulation.  
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This study contributes to a nascent line of developmental psychopathology research centered 
on understanding how biological stress responses and social experiences interact to increase or 
decrease risk of psychological difficulties during adolescence. In particular, this study aims to 
provide a better understanding as to why girls are especially vulnerable to the psychological 
effects of social stress during adolescence. Given that adolescent girls rely on close friendships 
as a major source of emotional support during adolescence, this study examines the ways that 
close friendships may influence girls’ acute biological stress regulation. Further, this study 
considers how stress regulation in the context of close friendships may pose unique challenges 
for adolescent girls reporting depressive symptoms.  
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METHODS 
Participants 
Participants included 241 clinically-referred adolescent girls between 12 and 17 years old 
(M = 14.7, SD = 1.4). Participants were recruited from local psychiatric inpatient units and 
through advertisements in the community (i.e., flyers, emails, and radio/TV commercials).  To be 
included in the study, adolescents must have experienced mental health concerns in the past two 
years (e.g., affective disorders, anxiety, substance use, disruptive behavior disorders). Research 
staff conducted an initial phone interview with adolescents’ caregivers to determine study 
eligibility. Adolescents were considered eligible for the study if, in the past two years, they a) 
had previously received a psychiatric diagnosis, b) had received treatment for mental health 
concerns, or c) met criteria for clinical levels of psychiatric symptoms, as determined during the 
interview conducted by the research staff. Exclusion criteria included active psychosis, 
intellectual disability, or any pervasive developmental disorder. Adolescents were also required 
to have a close friend (same-gender and within 2 years of age) who could take part in the study 
with them. The inclusion and exclusion criteria used for this study ensured that the final sample 
included adolescent females who presented with a higher level of internalizing symptoms and 
emotion regulation difficulties, compared to a typical community sample.  
 Participants were fairly diverse with 63.7% identifying as Caucasian, 22.9% as African-
American, 2.1% as Hispanic or Latina-American, 1.7% as Asian-American and 9.6% as multi-
ethnic or belonging to other ethnic groups. The large majority of participants were born in the 
United States (92.7%). Adolescents reported living with two biological parents (38.8%), with 
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two adults in the household (15.1%; included step-parents, grandparents, other relatives, or 
adoptive parents), or living with only one parent/guardian (35.5%; included biological mothers, 
biological fathers, or other relatives). The educational history of caregivers varied and included 
“some high school, but did not graduate” (1.7%), “high school graduate or GED” (12.6%), 
“AA/Trade degree” (12.6%), “some undergraduate college” (17.6%), “undergraduate 
degree/bachelor’s” (23%), “some graduate school” (11.7%), and “master’s degree (MA) or law 
degree (JD)” (14.6%).  
Procedure 
On the day of the study, adolescents attended the laboratory-based assessment with a 
caregiver and a close friend. Adolescents were instructed to refrain from taking medications on 
the day of the assessment. Adolescents and caregivers independently completed questionnaires, 
on which they provided information about adolescents’ current medication usage and pubertal 
development; adolescents also reported current symptoms and social functioning. Upon 
completing questionnaires, adolescents participated in an in vivo experimental paradigm 
designed to induce social stress responses. Acute HPA stress responses were assessed by 
collecting salivary cortisol samples at specific times prior to and following the social stress 
paradigm. 
Trier Social Stressor Task. Adolescents completed a modified version of the Trier 
Social Stressor Task (TSST; Hastings, Zahn-Waxler, & Usher, 2007; Klimes-Dougan et al., 
2001).  For this experimental procedure, participants were asked to record a three-minute 
audition speech in which they were to convince an audience of their peers (presumably watching 
the live video feed in a nearby room) that they should be selected to star in a fictional television 
show about teens’ ability to form and maintain friendships.  Participants were given one minute 
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to prepare their speech. While preparing and recording their speech, participants stood facing a 
camera and closed-circuit television screen displaying their own live image. After the one-
minute preparation period had expired, a male research assistant entered the room and sat off to 
the side of the participant, but still within eyesight, to ostensibly evaluate the participants’ 
performance. The research assistant did not engage with the participant verbally or nonverbally 
other than by telling the participant “you still have time remaining, please continue with your 
speech” if a participant ended their speech before the three minutes had expired. The research 
assistant made marks on a clipboard every 20 seconds to give the appearance that they were 
evaluating the adolescent’s performance on the speech. 
Post-stressor discussion with a friend.  Approximately 15 minutes after completing the 
TSST, adolescents participated in a four-minute discussion segment with their close friend. 
During this discussion segment, adolescents were instructed to discuss the stressor task and their 
performance on the task with their friend. Adolescents were provided with several discussion 
questions to encourage discussion of self-evaluative thoughts and emotions (“How do you think 
you did on your speech,” “What do you think your chances are for being selected for the reality 
show,” “What were the best and worst parts of your speech,” “How do you feel about yourself 
after giving your speech?”). 
Acute HPA functioning. Pre-stressor, stressor, and post-stressor cortisol samples were 
collected using salivettes (Gilleta, Calhoun, Hastings, Rudolph, Nock, & Prinstein, in press). A 
pre-stressor, or baseline, cortisol sample was collected following a 20 minute relaxation period, 
during which the adolescent watched a video intended to promote relaxation. Because cortisol 
reaches peak levels in human saliva approximately 20 minutes after the onset of a stressor (e.g., 
Adam, Sutton, Doane, & Mineka, 2008; Gunnar, Talge, & Herrera, 2009), a cortisol sample was 
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collected 20 minutes after the TSST to provide a measure of peak HPA activity resulting from 
the TSST. A third cortisol sample was collected 40 minutes after the TSST to measure post-
stressor HPA functioning; this sample represents an adolescent’s cortisol level immediately after 
the post-stressor discussion with their friend.  
Salivary samples were frozen for storage at -25°C and then shipped on dry ice to 
Pennsylvania State University’s Behavioral Endocrinology Laboratory for assay (Salimetrics, 
PA).  Samples were assayed for cortisol using a 510-k cleared high-sensitive enzyme 
immunoassay designed to assess adrenal function.  This test, which uses 25 µl of saliva (for 
singlet determinations), has a lower limit sensitivity of .007 µg/dl and a range of sensitivity from 
.007 to 1.2 µg/dl.   
As is common in studies examining cortisol (e.g., Gunnar et al., 1989), outlier cortisol 
values were identified as being 3 SD above the mean for the specific timepoint (i.e, prestressor, 
stressor, post-stressor); outlier values were winsorized such that they were replaced with the 
closest value within the 3 SD range (Tukey, 1977). Then, a log-transformation was applied to 
prestressor (M= 0.13, SD=0.07), stressor (M=0.16, SD=0.10), and poststressor (M=0.12, 
SD=0.06) cortisol values prior to analyses. The log-transformed prestressor cortisol value was 
used as “baseline cortisol” in all analyses. A “cortisol reactivity” variable was computed by 
subtracting each participant’s baseline cortisol from their stressor cortisol level. Additionally, a 
“cortisol regulation” variable was computed by subtracting participants’ poststressor cortisol 
levels from their stressor cortisol level. 
Observational Coding 
As discussed earlier, the current study examines connections between HPA regulation 
and two in vivo friendship behaviors, friend support and expressed vulnerability, during the post-
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stressor discussion between the adolescent and her friend. Though friendship support and 
expressed vulnerability are novel constructs, the coding systems designed to assess these two 
friendship behaviors are modeled after prior work.  
The friend support coding scheme incorporated elements (e.g., responsiveness) from the 
Peer Dyadic Mutuality Rating System (Piehler & Dishion, 2004), but it also included novel 
elements to allow for a more comprehensive evaluation of friend support. To capture a wide 
range of friend behavior that could influence stress regulation, ratings of friend support were 
determined based on the frequency and intensity/salience of both supportive and non-supportive 
friend behaviors (i.e., the degree to which the behavior had the potential to negatively or 
positively influence the adolescent’s emotional state). A seven-point scale (1-7) was used to 
assess friend support. On this scale, a “7” indicated high levels of support characterized by friend 
behaviors that seemed intended to decrease the client’s self-defeating thoughts/emotions or to 
increase the adolescent’s positive self-perceptions (e.g., normalizing the experience, providing 
reassurance or discounting the adolescent’s self-critical negative remarks, positively reframing 
the experience, noting positive aspects of adolescent and their performance, reaffirming their 
friendship). In contrast, a rating of “1” for friend support indicated that the friend behaved 
primarily in a non-supportive manner. Non-supportive behaviors may include: substantially re-
directing the topic of the conversation when it was clearly inappropriate to do so (i.e., “hi-
jacking” the conversation), responding to the adolescent’s expressed vulnerability 
inappropriately (e.g., affective responses that do not complement or reciprocate adolescents’ 
affective expressions, active avoidance of engaging in a discussion with adolescent), or behaving 
in a way that clearly communicated criticism or a negative opinion of the Target (e.g., put-
downs, teasing, providing elaboration/examples of adolescents’ weaknesses or insufficiencies). 
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A rating of “4” was given when the friend behaved equivocally or provided an unclear level of 
support (e.g., primarily asked questions about stressor task but not about the adolescent’s internal 
experience of the stressor task, responded with mild reciprocal affect but did not offer supportive 
or non-supportive comments).  
 Expressed vulnerability is a novel form of self-disclosure that generally assesses a 
tendency to engage in negatively-oriented discussions. In addition to examining the behavior of 
an individual (vs. a dyad), expressed vulnerability differs from co-rumination in that it aims to 
more directly assess expressions of thoughts and emotions that reflect, or may indicate risk of, 
internalizing symptoms. As discussed earlier, expressed vulnerability was defined as 
communicating (either verbally or affectively) negative, self-directed thoughts and emotions in a 
way that increases risk of negative social evaluations and provides a context for others to provide 
social support. Negative, self-directed thoughts included any self-deprecating remarks (e.g., “My 
speech was horrible,” “I sounded so stupid”), whereas negative, self-directed emotions could 
include affective or verbal expressions of anxiety, fear, embarrassment, guilt, sadness, or self-
directed anger. An expression of negative, self-directed thoughts and emotions did not count as 
expressed vulnerability if the adolescent dismissed or nullified the expression (e.g., “My speech 
was horrible, but I don’t care because I wouldn’t want to be on the reality show anyway”) 
because such behavior may imply to the friend that the adolescent has already managed negative 
self-evaluations or emotions and that they do not need social support. The coding scheme for 
expressed vulnerability used a 7-point rating scale. A rating of “1” indicated that the adolescent 
did not communicate any negative, self-directed thoughts or emotions. Higher ratings were given 
based on the degree to which adolescents communicated negative, self-directed thoughts and 
emotions, with higher scores indicating greater communication of emotions. The highest rating 
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(“7”) was given to adolescents who communicated to their friend, affectively or verbally, a high 
level of negative, self-oriented emotion throughout the majority of the post-stressor discussion 
segment.  
 Reliability for the two coding schemes was established using ratings generated by an 
advanced clinical psychology doctoral student (the author of the present manuscript) and a 
postdoctoral fellow. Coders were blind to participants’ ratings on primary measures, and they 
independently coded 23% (n = 60) of all videotaped post-stressor discussion segments for 
reliability. Coders trained for one month to code friend support and expressed vulnerability, with 
regular meetings and rating comparisons. Reliability estimates were computed using percent 
agreement and intraclass correlations. As in other observational work using 7-point scales 
(Piehler & Dishion, 2007), percent agreement was computed allowing for 1-point disagreements 
between coders’ ratings. To account for chance agreement between raters, single measures 
intraclass correlations were also calculated using a mixed effects model in which the coders were 
considered random effects and the codes were considered fixed effects (as recommended by 
Shrout & Fleiss, 1979).  Reliability estimates for friend support and expressed vulnerability were 
in the “excellent” range according to previously established guidelines (Cicchetti & Sparrow, 
1981), with 93 and 97 percent agreement and intraclass correlations of .84 and .90, respectively. 
After establishing inter-rater reliability, one coder (the author) coded the remaining tapes while 
remaining masked to all other data. 
Measures 
As stated earlier in hypotheses, self-reported depressive symptoms were a primary 
construct of interest in the present study. Several additional self-reported variables were also 
considered as covariates. Friendship quality and friendship length are considered as factors that 
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may influence the degree to which adolescents express vulnerability and how much in vivo 
support they receive from friends. Pubertal status was included as a covariate based on 
developmental differences in pre-pubertal and post-pubertal youths’ acute HPA stress responses 
(Stroud et al., 2009; Shirtcliff et al., 2012), depressive symptoms (Ge, Conger, & Elder, 2001; 
Patton et al., 1996), and friendship characteristics (Rose & Rudolph, 2006). Prior work has also 
indicated that corticosteroids and birth control may influence acute HPA stress responses 
(Bouma, Riese, Ormel, Verhulst, & Oldehinkel, 2009; Hastings, Fortier, Utendale, Simard, & 
Robaey, 2009). Similarly, the effects of antidepressants and anxiolytics were considered as they 
could influence both HPA stress responses (Fries, Hellhammer, & Hellhammer, 2006; Manthey 
et al., 2011; Rohrer, von Richthofen, Schulz, Beyer, & Lehnert, 1994; Scharnholz et al., 2010) 
and social behaviors (Dubini, Bosc, & Polin, 1997; Novick, 2011; Paton, 2002). Lastly, a 
variable for cortisol timing (i.e., timing of cortisol collection in relation to beginning of diurnal 
cycle) will be computed to estimate the affects of diurnal cortisol cycles on acute HPA stress 
responses (Calhoun et al., 2012; Calhoun et al., 2014). 
Depressive symptoms. Adolescents reported depressive symptoms using the Mood and 
Feelings Questionnaire (MFQ; Costello & Angold, 1988). The MFQ was designed specifically 
for assessing depressive symptoms in children and adolescents aged 8 to 18 years old. It has 
demonstrated good reliability and validity in clinical samples of adolescents (Daviss et al., 2006), 
and it shows excellent convergent validity with diagnostic interviews for Major Depressive 
Disorder (Angold, 1989; Wood, Kroll, Moore, & Harrington, 1995). The measure consists of 33 
statements describing depressive symptoms (e.g., “I felt miserable or unhappy,” “I did 
everything wrong”). Using a three-point scale (0 = not true, 1 = sometimes true, 2 = mostly true), 
adolescents rate how they have felt and behaved in the past two weeks. A mean score was 
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computed using ratings from all 33 items, with high scores indicating more depressive 
symptoms. The MFQ demonstrated excellent internal consistency in the current sample (α = .95). 
 Friendship quality. Adolescents rated the quality of their friendship using the Network 
of Relationships Inventory (NRI; Furman, 1998). Ratings were based specifically on the 
relationship of the adolescent with the friend that participated in the study and interacted with the 
adolescent during the post-stressor discussion segment. The NRI is a 36-item measure that 
assesses positive and negative friendship quality. Positive friendship quality is determined based 
on ratings in 8 domains: companionship, instrumental aid, intimacy, nurturance, affection, 
admiration, reliable alliance, and emotional support. Negative friendship quality is determined 
based on ratings in 4 domains: conflict, antagonism, criticism, and dominance. Each domain is 
assessed with three items, and participants use a five-point Likert scale to rate each item. The 
NRI has demonstrated good psychometric properties in prior work (e.g., Furman, 1998). In the 
current sample, the positive and negative friendship quality scales had good internal consistency 
(α = .96 and α = .73, respectively). In addition to rating the quality of their friendship, 
adolescents also indicated the length of their friendship (months/years).  
Pubertal status. Pubertal status was assessed based on reports provided by adolescents 
and their caregivers on the Pubertal Development Scale (PDS; Peterson, Crockett, & Richards, 
1988). Using a 4-point scale (1 = no development, 4 = development seems complete), participants 
rated four items assessing physical changes that characterize the pubertal transition for 
adolescent girls: body hair growth, skin changes (i.e., acne), growth spurt, breast development. A 
fifth item used a dichotomous scale (1 = no, 4 = yes) to assess menarche. The PDS has 
demonstrated good psychometric properties (Petersen et al., 1988), including good external 
validity when compared with physicians’ ratings of development (Brooks-Gunn, Warren, Rosso, 
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& Gargiulo, 1987). Mean scores were computed for adolescent and caregiver ratings of the five 
items (α = .72 and α = .70, respectively. Adolescent and caregiver mean scores were strongly 
correlated with one another (r = .71). As in prior work (Rudolph, 2008), these mean scores were 
averaged to compute a combined measure of pubertal status. 
Medication usage. Adolescents and caregivers reported all medications that the 
adolescent currently, or recently, used. Information was collected using an open-response format 
as well as with questions specifically asking about birth control and asthma medications (which 
are commonly classified as corticosteroids). Three dichotomous medication variables were 
created, two for medications that could affect HPA functioning (i.e., birth control, 
corticosteroids) and one for medications that could affect both HPA functioning and social 
behavior (i.e, antidepressants and anxiolytics). For the medication usage variables, a “1” 
indicated that the adolescent used the medications of interest, and a “0” indicated that they did 
not use these medications.  
Cortisol timing. Diurnal cortisol cycles begin upon awakening and fluctuate throughout 
the day (Fries, Dettenborn & Kirschbaum, 2009). When collecting cortisol samples after acute 
stress, the level of free-cycling cortisol in a sample represents the combination of basal cortisol, 
attributable to an individual’s natural diurnal levels for that time of day, and any changes in 
cortisol caused by the acute stressor. For the current study, baseline cortisol was collected for 
most adolescents (88.5%) between the hours of 12:00 a.m. and 5:00 p.m. Adolescents reported 
the time that they awoke on the day of the study, and a cortisol timing variable was computed by 
subtracting the time an adolescent awoke from the time that the first cortisol sample was 
collected. The cortisol timing variable provides an estimate of adolescents’ diurnal variations in 
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cortisol, and such estimates have been consistently associated with acute cortisol stress responses 
(e.g., Calhoun et al., 2012, 2014). 
Data Analytic Plan 
 Descriptive statistics were computed for all study variables, as were correlations and t 
values (for medication variables). Primary hypotheses were tested with path model analyses in 
Mplus, using full information maximum likelihood estimations for missing data. Path model 
analyses were selected for the testing of hypotheses to accommodate the temporal sequence of 
events occurring in the study and to allow for the testing of indirect effects. Because the 
observed behaviors occurred between stressor and poststressor cortisol samples, any connection 
between the observed behaviors and cortisol regulation could have been substantially influenced 
by an adolescent’s cortisol reactivity to the stressor task. Cortisol regulation is largely dependent 
on the degree to which cortisol levels increase in response to a stressor (i.e., greater regulation is 
possible when an adolescent shows stronger reactivity to the stressor); thus, it is especially 
important to account for the direct association between cortisol reactivity and cortisol regulation 
when examining factors that may influence regulation. The use of a mediational path model 
allowed for testing of both direct and indirect connections between cortisol reactivity and cortisol 
regulation, with indirect paths mediated by the observed variables (and their interaction). This 
analytical strategy ultimately yielded a stringent and thorough testing of hypotheses regarding 
connections between the observed variables and cortisol regulation (i.e., Hypotheses 1a, 2a, 1c, 
and 2c). The method also allowed for simultaneous testing of multiple hypotheses using fewer 
models (e.g., Hypotheses 1a, 2a, 1b, and 2b were all examined in a single model). Depressive 
symptoms were examined as a moderator of the connections between the observed variables and 
cortisol regulation (Hypotheses 1c and 2c) using moderated mediation path model analyses.  
   
 25 
Power analyses were conducted using an online sample size calculator for multiple 
regressions (Soper, 2014). To calculate the minimum sample size needed to detect effects, 
desired statistical power level was set to .80 and probability level was set to .05. A moderate 
effect size of .15 (Cohen, 1988) was also expected; this anticipated effect size is a reasonable and 
fairly conservative estimate given main effects and interaction effects observed in prior work 
using similar analyses for assessing stress-induced changes in cortisol (e.g., Calhoun, 2014). The 
model was described as consisting of 13 predictors (all primary variables of interest and 
covariates). With these parameters, the minimum sample size needed to detect effects was N = 
131. Thus, the current study’s sample of N = 241 is more than sufficient for testing hypotheses. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 26 
RESULTS 
  Means, standard deviations, and intercorrelations among all primary variables are 
presented in Table 1. Expressed vulnerability was positively correlated with cortisol reactivity, 
cortisol regulation, depressive symptoms, and positive friendship quality. Friend support was 
positively associated with cortisol reactivity and pubertal development. Depressive symptoms 
were positively correlated with pubertal development. Cortisol regulation and negative 
friendship quality were negatively correlated.  
Independent samples t-test analyses were used to examine medication group differences 
on study variables. Adolescents taking antidepressants or anxiolytics (N = 101) had lower 
baseline cortisol (t = -3.13, p < .01), were older (t = -3.29, p < .001), and reported higher levels 
of depressive symptoms (t = -3.89, p < .001) than adolescents who did not report usage of these 
medications. Compared to others, adolescents taking birth control (N = 37) had less cortisol 
reactivity (t = 3.74, p < .001) and cortisol regulation (t = 3.72, p < .001); they also expressed less 
vulnerability with their friend (t = 2.24, p < .05), were older (t = -2.99, p < .01), and reported 
higher levels of depressive symptoms (t = -3.39, p < .001). No group differences were revealed 
for corticosteroid usage (N = 21) on any study variables. 
To test the effects of friend support and expressed vulnerability on cortisol regulation, a 
path model was fit to the data. Friend support was expected to be positively associated with 
cortisol regulation (Hypothesis 1a) and expressed vulnerability was expected to be negatively 
associated with cortisol regulation (Hypothesis 2a). The path model was structured such that the 
observed variables (i.e. expressed vulnerability and friend support), and their interaction, were 
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entered as mediators of the association between cortisol reactivity and cortisol regulation. The 
mediating variables were allowed to co-vary in the model, and cortisol regulation was regressed 
onto each. Direct effects were also estimated by regressing cortisol regulation and the mediating 
variables onto cortisol reactivity, baseline cortisol, depressive symptoms, and each of the 
covariates (cortisol timing, pubertal level, positive friendship quality, negative friendship quality, 
length of friendship, antidepressant/anxiolytic medication usage, birth control usage, 
corticosteroid usage). Both direct and indirect effects (one for each mediator) were estimated for 
cortisol reactivity predicting cortisol regulation. The full path model was estimated using a 
bootstrap procedure with 5000 draws, and fit indices confirmed a saturated model, χ2 (0) = 
774.54, χ2/df = 15.49, CFI = 1.00, RMSEA = 0.00, AIC = 1871.25. The primary paths of interest 
are presented in Figure 2 (for all direct path estimates, see Table A1 in the Appendix). The path 
model analysis revealed a significant direct effect for the interaction of expressed vulnerability 
and friend support predicting cortisol regulation. To probe the association between the 
interaction term and cortisol regulation, centered terms for the predictors (baseline cortisol, 
cortisol reactivity, depressive symptoms), mediators, and covariates were entered into the path 
model to generate regression equations (Aiken & West, 1991). Then, high, average, and low 
values of friend support and expressed vulnerability were entered into the regression equations to 
generate a plot of the effect. As shown in Figure 3, adolescents high in both expressed 
vulnerability and friend support experienced the greatest cortisol regulation. Adolescents low in 
expressed vulnerability showed the least amount of cortisol regulation, regardless of friend 
support received.  
The test of indirect effects revealed a marginally significant indirect effect (B = .20, SE = 
.11, p < .07) in which the interaction between the two observed variables partially mediated the 
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association between cortisol reactivity and cortisol regulation. Full mediation in such a model is 
highly unlikely given the nature of the HPA stress response during and following a stressor (i.e., 
cortisol regulation requires that an individual experience at least some degree of cortisol 
reactivity). Therefore, a marginally significant indirect effect is impressive and worth noting. 
The pattern of results revealed in the post-hoc probe of the direct effect for the interaction 
predicting cortisol regulation (discussed above) helps to clarify the indirect effect. Essentially, 
the indirect effect indicates that adolescents who experienced high cortisol reactivity in response 
to the stressor task showed greater cortisol regulation, in part, because they expressed high 
vulnerability and received high friend support.  
The associations of depressive symptoms with each of the observed variables 
(Hypotheses 1b and 2b) were examined using the same path model generated to test Hypotheses 
1a and 2a.  It was expected that depressive symptoms would be negatively associated with friend 
support (Hypothesis 1b) but positively associated with expressed vulnerability (Hypothesis 2b). 
Paths were estimated with depression predicting expressed vulnerability and friend support; as 
described above, the effects of baseline cortisol, cortisol reactivity, and all covariates were 
accounted for by estimating paths between these variables and the observed variables. As shown 
in Figure 2, depressive symptoms were positively associated with expressed vulnerability, but 
they were not significantly associated with friend support. It is worth noting that these 
associations occur while also accounting for the significant, positive associations of cortisol 
reactivity with expressed vulnerability and friend support.  
Using guidelines established by Preacher, Rucker, and Hayes (2007), moderated 
mediation analyses were used to test the moderating effects of depressive symptoms on the 
associations of the observed variables with cortisol regulation. It was hypothesized that friend 
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support and expressed vulnerability would be associated with less cortisol regulation for 
adolescent girls reporting a higher level of depressive symptoms. The path model described 
earlier was modified to include interaction terms for depression with each of the observed 
variables. The three-way interaction between depressive symptoms, expressed vulnerability, and 
friend support was also entered into the model.  As prescribed by Preacher et al. (Model 3; 2007, 
pp. 193-197), depressive symptoms were set to covary with the other predictors in the model 
(i.e., baseline cortisol, cortisol reactivity, and covariates) as well as the interaction terms. Unlike 
in the previous path model, the mediators (expressed vulnerability, friend support, and the 
interaction of expressed vulnerability with friend support) were not regressed onto depressive 
symptoms; instead, depressive symptoms and the interaction terms were set to covary with the 
error term for each of the mediators. Direct paths were estimated for all predictors, covariates, 
and interactions predicting cortisol regulation. As in the prior model, the mediating variables 
were allowed to covary. The moderated mediation path model did not reveal any significant 
moderating effects of depression. 
The moderating effects of positive friendship quality, negative friendship quality, length 
of friendship, and pubertal status were also independently examined using moderated mediation 
path models. These models were structured in a similar fashion to the model used for testing the 
potential moderating effects of depressive symptoms. None of the potential moderators 
considered significantly moderated the associations of the observed variables with cortisol 
regulation. 
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DISCUSSION 
 This study considered specific dyadic friendship processes that may affect adolescent 
girls’ acute biological stress regulation. This study also examined how friendship processes, and 
their effects on biological stress regulation, may differ depending on girls’ level of depressive 
symptoms. Given that adolescents are more likely to discuss stressors with friends than parents, 
findings from this study offer a rare glimpse into how adolescents may manage stress in their 
daily lives. Specifically, findings from this study offer clarification regarding the role of 
adolescents’ close friendships in stress management, suggesting that friendships hold the 
potential to either facilitate or prevent acute biological stress regulation, depending on how a 
stressed adolescent and their friend interact following a stressor. As such, friendships could 
positively or negatively impact allostatic load and have considerable influence on adolescent 
girls’ ability to adaptively respond to interpersonal stressors. Prior work suggests that 
adolescents who cannot generate adaptive responses to interpersonal stressors may fail to prevent 
future stressors, experience increased negative affect, and consequently be at increased risk of 
future depressive symptoms (Sontag & Graber, 2010). Given that girls are likely to seek support 
from close friends (Rose & Rudolph, 2006), findings from this study offer key insight as to why 
some may be at increased risk of depression during adolescence (Bouma et al., 2008; Gore et al, 
1993; Hankin & Abramson, 2001; Kessler et al., 2001). 
Overall, the findings of this study emphasize the importance of considering the behaviors 
of a stressed adolescent and their friend individually when determining how friendships can 
influence biological stress regulation. This study expanded on initial work (i.e., Calhoun et al.,
 31 
2014) by revealing that the influence of friend behaviors on stress regulation may depend on the 
behavior of the stressed adolescent. To capture the behaviors of a stressed adolescent that may 
connect most closely with stress management, a novel form of self-disclosure (i.e., expressed 
vulnerability) was introduced. In this study, friend support provided in the presence of expressed 
vulnerability appeared to attenuate the biological toll of negative, self-directed thoughts and 
emotions caused by a stressor. Importantly, friend support provided in the absence of expressed 
vulnerability did not have the same effect. These findings seem to imply that expressed 
vulnerability and friend support serve in a complementary fashion to facilitate biological stress 
regulation. Expressing vulnerability may serve to “set the stage” for effective friend support by 
signifying that an adolescent is in need of support. Even more, sharing the specific thoughts and 
emotions driving one’s vulnerable state may help to inform the type of support that a friend 
could offer. In other words, an adolescent’s friend is more likely to provide effective forms of 
social support if they know where to direct their support (i.e., what thoughts are causing negative 
emotions) and how much support is needed (i.e., how emotionally distraught the stressed 
adolescent is feeling).  
To date, research has yet to clarify whether self-disclosure in dyadic friendships is 
beneficial or detrimental to adolescents’ management of biological stress reactions. Findings 
from this study revealed that one form of self-disclosure, expressing vulnerability, may be 
particularly nuanced as it pertains to HPA stress regulation. On the one hand, disclosing 
negative, self-directed thoughts and emotions to a friend, in and of itself, may not be enough to 
facilitate HPA stress regulation. This is generally consistent with research demonstrating that 
focusing on problems and negative affect can attenuate HPA regulation (Byrd-Craven et al., 
2011; Kuehner et al., 2009; Stewart et al., 2013; Zoccola & Dickerson, 2012); however, this 
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study is the first to examine the behavior of a stressed adolescent as a distinct interpersonal 
process that could influence biological stress regulation in the friendship context. Expressing 
vulnerability, as defined in this study, requires that adolescents share thoughts and emotions that 
increase risk of negative social evaluation. Thus, an adolescent who expresses vulnerability to a 
friend may remain in a state of potential social threat, wherein they could be teased or devalued 
by their friend. As a result, expressing vulnerability may sustain adolescents’ HPA responses to 
stressors and attenuate regulation. It is also possible that the process of expressing vulnerability 
could cause an individual to re-experience the emotions of a stressful situation. While accessing 
memories of a stressor, an adolescent may re-activate the same neurophysiological systems that 
responded during the creation of the memory (Greenberg et al., 2005). If this occurs during 
expressions of vulnerability, then an adolescent reliving the emotional state caused by a stressor 
will likely experience re-activation of the HPA axis (or in the case of this study, sustained 
activation of the HPA axis).  
On the other hand, findings from this study also suggest that adolescents who express 
very little, or no, vulnerability may experience the least amount of HPA regulation, regardless of 
how supportive their friend may be. These findings align with prior theory suggesting that self-
disclosure within friendships may be beneficial for stress management, as it provides opportunity 
for both self-regulation and friend-assisted regulation (Buhrmester & Prager, 1995; Thoits, 
1986). Expressed vulnerability may be a form of self-disclosure that is especially integral to the 
process of managing stress given that it directly pertains to communicating the negative, self-
directed thoughts and emotions caused by a stressor. Even more, expressing vulnerability to a 
friend after encountering a stressor may create a context in which a stressed adolescent can 
receive support in reducing their vulnerable state (as discussed above).  
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This study also considered whether adolescent girls reporting more depressive symptoms 
showed differences in post-stressor friendship behaviors compared to less depressed girls. 
Consistent with findings from research examining other forms of interpersonal processes 
characterized by negative content (i.e., co-rumination; Rose et al., 2007; Stone et al., 2011), 
adolescents reporting more depressive symptoms expressed greater vulnerability with their 
friends during the post-stressor conversation. Prior work has suggested that individuals with high 
levels of depressive symptoms tend to engage in more passive forms of emotional regulation 
instead of carrying out more active strategies for regulating emotion (e.g., problem-solving; 
Waller et al., 2014). This tendency, unfortunately, may only serve to increase depressive 
symptoms over time (Stone & Gibb, 2015). In contrast to other forms of self-disclosure, 
however, expressing vulnerability may be a more adaptive interpersonal process that has the 
potential to prevent increases in allostatic load, and in turn depressive symptoms, when 
accompanied by friend behaviors that target the sources of the vulnerability. Further, expressing 
vulnerability may only be pathological if it incorporates maladaptive features, such as those 
revealed in prior work (e.g., extensive discussion of problems, dwelling on negative affect, 
preoccupation with self, negative feedback seeking, excessive reassurance seeking; Joiner, 
Metalsky, Katz, & Beach, 1999; Rose, 2002; Schwartz-Mette & Rose, 2009; Swann, Wenzlaff, 
Krull, & Pelham, 1992).   
The current study did not reveal any moderating effects of depressive symptoms on the 
associations between interpersonal processes and biological stress regulation.  Thus, the pairing 
of high expressed vulnerability with high friend support may be equally beneficial for 
adolescents presenting with high and low levels of depressive symptoms as it pertains to stress 
regulation. If expressions of vulnerability were characterized by maladaptive features, however, 
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a different pattern of results could be revealed. No studies have examined connections between 
maladaptive forms of self-disclosure and acute HPA functioning, but findings from a study 
examining co-rumination suggest that participating in dyadic conversations centered on 
discussing problems and negative affect can increase HPA activation for adults (Byrd-Craven et 
al., 2011). Additional work exploring post-stressor friendship interactions is needed to clarify 
how the various forms of self-disclosure positively and negatively impact biological stress 
regulation. 
This study is among the first to consider the role of adolescent girls’ close friendships in 
their acute HPA stress regulation. By using a clinically-referred sample, findings are 
strengthened in that they reflect associations that may be most relevant for girls at risk of future 
psychopathology. Another strength of this study is the use of an experimental paradigm to 
examine post-stressor friendship processes. Incorporation of such a paradigm allowed for more 
objective evaluations of interpersonal and biological processes. The novel observational coding 
system developed to examine interpersonal processes showed strong reliability and acceptable 
validity (as demonstrated by expected associations with primary variables of interest). Even 
more, the use of codes that independently considered adolescent and friend behaviors allowed for 
an in-depth look at friendship dynamics that could not be obtained with dyadic codes (i.e., codes 
that collectively consider the behaviors of both conversational partners, such as co-rumination).  
The codes used in this study ultimately revealed the nuances of adolescent friendship 
interactions, showing that the same post-stressor behavior (expressed vulnerability) can be 
effective or ineffective in regulating stress responses, depending on how an adolescent’s friend 
responds to this behavior. The use of cortisol sampling strengthened the study’s findings by 
providing an objective index of biological stress regulation. Findings were further strengthened 
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by the inclusion of multiple covariates in analyses, all of which were chosen based on previously 
demonstrated connections with HPA functioning. 
While this study’s use of a standardized stressor (i.e., TSST) allows for more direct 
comparisons of biological and interpersonal processes across adolescents, it may also limit the 
generalizability of findings. The TSST is a contrived scenario that may provoke different 
biological and interpersonal responses than social stressors adolescent girls more commonly 
encounter. In particular, the TSST may or may not represent the type of stressor that commonly 
causes adolescents to feel stressed or seek support from a close friend. Additionally, during and 
after completion of TSST, adolescents do not receive direct feedback about their performance. In 
real-life scenarios, it is more likely that an adolescent would receive some form of verbal or 
nonverbal feedback following a similar performance. Situations where feedback is believed to 
reflect a decrease in social status (e.g., rejection, teasing) could lead to even greater stress 
reactions and support-seeking behavior. The TSST could also impact the behavior of friends in 
ways that differ from other stressors. Friends could perceive an adolescent’s performance on the 
TSST as having little impact on the adolescent’s actual social status. Consequently, friends may 
feel less compelled to provide support than if the social stressor actually occurred in the context 
of the adolescent’s peer group. Lastly, while the use of the TSST in this study may help to clarify 
how adolescents manage social stress with friends, findings may not extend to interpersonal 
processes occurring between the adolescent and their family members. 
Because adolescent girls, compared to boys, are at greater risk of depression (Bouma et 
al., 2008; Gore et al., 1993; Hankin & Abramson, 2001; Kessler et al., 2001) and are more likely 
to seek support from close friendships (Rose & Rudolph, 2006), this study specifically examined 
stress regulation in the context of girls’ close friendships as a potential source of vulnerability. In 
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using a sample that was entirely female, however, findings cannot be extended to adolescent 
boys. Relevant research suggests that girls are more likely than boys to expect that problem-
oriented self-disclosures within friendships will lead to feelings of being cared for or understood 
by a friend; conversely, boys are more likely to expect that talking about problems will be a 
“waste of time” (Rose et al., 2012). If boys do not view self-disclosures as a valuable 
interpersonal process, then they may also be less likely to express vulnerability within 
friendships. Additional work is needed to determine whether boys show different levels of 
expressed vulnerability and receive different levels of friend support than girls.  Future work 
could also clarify whether the combination of expressed vulnerability and friend support in 
adolescent boys’ friendships serves to facilitate acute biological stress regulation.  
While the current study contributes novel and critical information to the broader 
literature, its cross-sectional nature limits the interpretation of findings. In particular, longitudinal 
work will be essential for clarifying whether this study’s findings have implications for changes 
in depressive symptoms over time. Expressing vulnerability and receiving friend support may 
work together to reduce allostatic load, but whether this connection subsequently decreases risk 
of depressive symptoms is unclear. If the interpersonal processes do, in fact, foster resiliency, 
they could inform theoretical models for adaptive stress management within dyadic adolescent 
friendships. Longitudinal work could also extend the current study’s findings by considering the 
development of friendships over time. During adolescence, friendships that serve to facilitate 
stress management may be prioritized over others, perceived as more meaningful, and endure for 
a lengthier periods of time. The course of friendships may look different for depressed 
adolescents, however. The friends of depressed adolescents tend to become more depressed over 
time (Giletta et al., 2011). Even more, this contagion effect appears to be facilitated by 
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problematic interpersonal processes, such as co-rumination (Schwartz-Mette & Rose, 2012). If 
depressed adolescents show a tendency to remain in friendships that do not facilitate adaptive 
stress management, this could help to explain why they are prone to increases in allostatic load 
and worsening depressive symptoms.  
To further clarify how stress management within close friendships affects risk of 
depressive symptoms, follow-up research should examine additional biological mechanisms that 
may be influenced by adaptive interpersonal processes, such as the combination of expressed 
vulnerability and friend support. Recent research suggests that the HPA axis may play a crucial 
role in regulating the body’s immune system, particularly as it pertains to inflammation. Under 
conditions of low stress, glucocorticoids (such as cortisol) released by the HPA axis suppress the 
expression of genes that promote inflammation; however, under conditions of high stress, the 
surge in glucocorticoids may cause immune cells to become less sensitive to the anti-
inflammatory effects of glucocorticoids (Slavich & Irwin, 2014). Thus, chronic stress can 
completely alter the connection between the HPA axis and inflammation such that the release of 
glucocorticoids eventually promotes inflammation, instead of down-regulating it. Pro-
inflammatory processes are associated with negative affect and social behaviors that are similar 
to depressive symptoms (Eisenberger et al., 2009; Mills et al., 2013), and they are believed to 
ultimately contribute to the development of clinical depression (Slavich & Irwin, 2014). 
Examinations of acute stress reactions could provide further insight as to how HPA regulation 
influences post-stressor inflammatory responses as well as how this biological connection could 
be directly influenced by interpersonal processes. If the combination of expressed vulnerability 
and friend support promotes more adaptive HPA regulation, as revealed in this study, then it is 
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also possible that the interpersonal processes promote down-regulation of inflammatory 
responses. 
Overall, this study contributes exciting new findings to an emerging line of research 
examining the role of friendships in biological stress regulation. Findings were among the first to 
reveal post-stressor interpersonal processes that could serve to facilitate HPA stress regulation 
for adolescent girls. Though more work is needed, this study’s findings offer critical information 
that ultimately contributes to understanding how stress management within friendships can affect 
adolescent girls’ risk of depressive symptoms.  
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Figure 1: Conceptual model illustrating study hypotheses. 
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Figure 2: Illustration of the path model used to examine the associations of the observed 
variables, and their interaction, with cortisol regulation (Hypotheses 1a and 2a) as well as the 
associations of depressive symptoms with the observed variables (Hypotheses 1b and 2b).  
Note: The full path model used in analyses also estimated the associations of all covariates with 
the observed variables and cortisol regulation; however, these estimates (and paths) were not 
included in the figure above so that the primary paths of interest could be clearly portrayed. See 
Table A1 in the Appendix for all direct effects. 
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Figure 3: Post-hoc plot showing the interaction of expressed vulnerability and friend support 
(average = mean; high/low = +/- 1SD) predicting cortisol regulation. 
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